The Yoshino River provides the main water source for agricultural, industrial and domestic activities in Shikoku Island. This study aims to identify the impacts of climate change in the basin by identifying its temporal effects in the future using climate scenarios and the Water and Energy Budget-based Distributed Hydrological Model (WEB-DHM). Using spatially distributed gauge rainfall, the model was calibrated at Sameura dam for 1984. Bias correction was done for precipitation using GCM climate scenarios (from SRESA1b for the years 1982-2000 and 2046-2064). Focusing on possible water deficits, the standard anomaly index (SA) identified possible droughts in the observed (1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000), past and future GCM ensemble outputs. Results show that historical moisture deficits can be simulated. Past and future simulations on basin average rainfall and discharge show future maximum values to be much higher than past indicating increases in wet conditions that may have possible effects on water availability in the future.
INTRODUCTION
The IPCC unequivocally predicts that climate change is inevitable. Hence it is vital that its impacts at a more local scale be identified for planning and implementation of appropriate adaptation strategies 1) . The Global circulation model (GCM) outputs have biases that differ from model to model. If used directly, it may magnify the errors resulting from these biases. Hence, it is necessary to correct the biases prior to utilization of model outputs. And since there are differences between models, the use of a model ensemble especially precipitation (most sensitive dynamic parameter affecting moisture fluctuations), on the water supply in the basin was investigated. This paper conservatively utilizes the SRESa1b climate scenario for climate predictions. The storyline (A1) projects very rapid economic growth; global population peaking in mid-century and declining afterwards; rapid introduction of new and more efficient technologies with the assumption that it is "business-as-usual" but with convergence among regions; capacity building and increased cultural and social interactions; and substantial reduction in regional differences per capita incomes 2) . The hydrological model used in this study is the WEB-DHM, a fully coupled biosphere scheme SiB2 3) and hillslope hydrological model GBHM 4) that allows consistent descriptions of water, energy and CO 2 fluxes at the basin scale 5), 6) . The model was shown to be accurate in simulating fluxes, discharge and surface soil moistures in different river basins. Although there are several other hydrological models available, the main benefit of WEB-DHM is that it is flexible, has low computational requirements and the results are comparable to other commercially available models.
Water issues in Shikoku are a cause of serious concern especially since both floods and droughts occur in different parts of the Island. More rain (3000mm annually) in the south of Shikoku results to flood damage while low rainfall (1500mm annually) in the northern part results to drought damage. Previous studies show that drought effects in the different hydrological parameters have some time delay that varies for different basins 7),8), 9) . This may be useful in providing local people as well as the government with confirmed and comprehensive research on possible impacts of climate change on the different aspects of water for appropriate adaptation strategies that will increase the people's resilience to projected future changes 10) . In this study we would like to identify the impacts of climate change in the Yoshino river basin in Shikoku Island, Japan. Specifically, determine the temporal effects of climate change in the future using the SRESA1b scenario by using bias corrected ensemble models for precipitation to simulate using the Water and Energy Budget-Based Distributed Hydrological Model (WEB-DHM) 11 ),12), 13) and spatially distributed rainfall observations in the past to project possible impacts in the future. Another target of this study is to identify how the water use in the basin can possibly be affected using past and future GCM simulations.
METHOD
This study consists of 5 parts. 1) Calibration of the hydrological model using observed and satellite data; 2) Identification of water deficit years using past observed data; 3) Selection of appropriate GCM model ensemble (for precipitation); 4) Using the observed rainfall, the GCM model ensembles are bias corrected; 5) incorporate the bias corrected GCM ensembles into the model.
The sub-basin above the Sameura dam was considered and the model was calibrated for 1984. Using the calibrated model as a starting point, the observed past 19 years was simulated using gauge rainfall stations. The average rainfall at the Sameura Dam was used to correct the biases in the GCM ensembles that were selected using the ranking system based on the spatial correlation between the GPCP dataset (for rainfall) to compare with each model ensemble for each month, focusing especially on how good the model can simulate the occurrence of the baiu in Japan.
Results of the model ensemble selection showed that 6 models (cccma_cgcm3_1, csiro_mk3_5, csiro_mk3_0, gfdl_cm2_0, mpi_echam5 and ingv_echam4) were suitable for rainfall (selected from 24 models). The rainfall was bias-corrected with the observed basin average rainfall using large scale and more local scale factors that affect water availability in the basin.
(1) Study Area
The Yoshino River Basin is located in Shikoku Island in Southern Japan. The total basin area is 1, 880 km 2 . For this study, focus is on the sub-basin upstream above the Sameura dam (total area = 409 km 2 ) (Fig.1 ). There are 5 dams in the basin (Sameura, Tomisato, Yanase, Shingu and Ikeda dam). The entire basin consists of medium loams and clay loams. The upstream side consists of medium loam. Land use of the basin is dominated by broadleaf and needleleaf trees (forested area) with patches of agricultural and short vegetation more predominant in the downstream end. The digital elevation ranged from 0 to 1941.2m.
(2) Input Data
Two types of input data are considered for the WEB-DHM simulation: dynamic (changing) and static (non-changing) (see Table 1 , parameter type). The meteorological forcing data used in the simulations are from JRA25 14) fcst_phy2m dataset (air temperature, specific humidity, air pressure, wind speed, downward solar and longwave radiation). Hourly precipitation was from 43 rain gauges. Discharge is from the dam inflow of the Sameura Dam. Precipitation was spatially distributed using the inverse distance weighing method to interpolate the spatial distribution of rainfall in the basin. The leaf area index (LAI) and the fraction of photosynthetically active radiation absorbed by the green vegetation canopy (FPAR) are from the Advanced Very High Resolution Radiometer (AVHRR) 15) satellite dataset. Sub-grid topography is described by 50m DEM re-sampled from Japan's DEM. The land use type classification is from the USGS land use cover. Soil hydraulic parameters 16) are initially obtained from the FAO (Food and Agriculture Organization) global dataset (including saturated soil moisture content, residual soil moisture content, soil moisture content at field capacity, storage coefficient of ground water, saturated hydrologic conductivity of the first layer of unsaturated zone, saturated hydrologic conductivity of bottom layer for unsaturated zone, hydraulic conductivity of groundwater). Some of the parameters are optimized using the observed streamflow. 
ANALYSIS TOOLS (1) The Standard Anomaly Index
The Standard Anomaly Index 7) , SA is a variation of the Effective drought Index (EDI) (normalized precipitation anomalies) 17),18) and the standardized precipitation index (SPI, a normalized index that assumes a gamma distribution) 19) . SA utilizes similar classification as SPI but quantifies drought by normalizing anomalies of precipitation and other hydrological parameters assuming a best-fit distribution function dependent on the dataset. The categories used for the SA is given in Fig. 2 
(2) Model Selection for Precipitation
Twenty-three precipitation models from the CMIP3 dataset were used with the aid of the DIAS model selection tool 20) . Analysis over Shikoku Island (lat = 32 o N to 35 o N, lon = 132 o E to 135 o E). Using a ranking method of the best spatial correlation (Scorr) and the least root mean square error (RMSE), the most suitable model was selected. For this study, 6 models for precipitation were selected based on Scorr > Scorr mean and RMSE < RMSE mean considering the correlation of the parameters that strongly affected droughts over land (precipitation, air temperature, outgoing longwave radiation (clouds)) and on a more regional scale (sea surface temperature, sea level pressure, zonal wind and meridional wind).
Precipitation model selection was done by spatial correlation and relative error comparison with the GPCP dataset for each month from 1981-2000 focusing on the baiu and typhoon months. (Table 2 ). Both the Scorr and the RMSE were calculated for the months of June and July (to account for factors affecting the baiu) and August to September (for factors affecting typhoons) for each model for the years 1981-2000. Similar calculations were done for each parameter considered on the selected months. These were then indexed (1 for above average, 0 for not); summed from the other parameters and ranked based on which models had the highest index and selected. 
(3) Bias Correction of Precipitation
For precipitation, bias corrections of the selected models were done in 3 steps. First, truncation in terms of rain or no rain days using cumulative ranking of the no rain days from observed data which is translated on the ranking; second, fitting of a monthly factor using the observed climatological average and lastly, extreme value correction by plotting position of the highest values for each year considered.
RESULTS AND DISCUSSIONS
The model simulations are performed from years 1982 to 2000 at an hourly time step and 0.5 km spatial resolution after calibrating for the 1984 discharge. The soil parameters calibrated for this study are: saturated hydraulic conductivity at the soil surface, hydraulic conductivity decay factor, hydraulic conductivity for groundwater, Manning's roughness and anisotropy ratio for unsaturated soil ( Table 3 ). The Nash-Sutcliffe 21) coefficient (Nash) and the relative error (RE) are used to evaluate the model performance. Calibration of the model showed that the observed discharge was well simulated by the model (Nash coefficient = 82%, Relative Error = 1%). Fig . 4 shows the daily hydrograph at the Sameura dam station for 1984. The simulated discharges agree well with the observed ones with RE=1% and Nash=0.82. After calibration, the simulations were expanded to cover the study period in Sameura Dam as well as in the other downstream dams. The results showed that the model was able to simulate well dam outflows from the other dams. However analysis in this study will only be limited to results from the upstream side of Sameura.
Identification of water deficit years using past observed data (shown in Fig. 5 ) indicate that the years 1982, 1984/85, 1986, 1988-90, 1992/93, 1995, 1998 /99 were dry years. There is a time delay (slanted pink boxes in Fig. 5 ) on how the drying effects on rainfall trickle down to the surface flow and affect the soil moisture layers. In previous studies, this varies for different basins depending on basin size, soil properties, land cover, meteorological parameters and distribution patterns.
This time delay can be taken advantage of for water management planning during moisture deficient years especially since this upstream part of the basin will affect the other dam. In addition, since the analysis on this study is focused on the upstream side of the basin, careful consideration of the time delays may mitigate further negative effects on the downstream end of the basin where water use is prevalent. GCM results show that bias corrected ensembles of daily rainfall ranked from highest to lowest. For past ensembles ranged from 370mm/day to 470mm/day (Fig. 6a) while future ensembles had a wider range of 370mm/day to 680 mm/day (Fig. 6b) . The csiro models showed similar ranges for both past and future values (390-410 mm/day) while gfdl_cm2_0, ingv_echam4 and mpi_echam5 showed large projected increases in rainfall for the future (650-1050 mm/day) as a result of their higher sensitivity to projected greenhouse gases (GHG). Only the cccma_cgcm3_1 model showed a decrease in future rainfall. Hence, rainfall will either be similar with past conditions or increase in the future. Note that these results are based on the selected model ensembles and may vary for other models. Using each of the models as inputs into the WEB-DHM, discharge at the Sameura dam also show similar increasing trend in future peak discharge. Model simulations on the discharges (Fig.  7a and 7b) show that 4 (ingv_echam4, mpi_echam5, csiro_mk3_0, gfdl_cm2_1) out of the 6 selected model ensembles had future peak discharges increased compared to past ensembles. Cccma_cgcm3_1 amd csiro_mk3_1 showed a decrease in peak discharge. The lump of the peak discharge values are in the range of 1382 to 1820 m 3 /s in the past while in the future it is 1389 to 2724 m 3 /s. The projected impacts indicate that for the SRESa1b scenario, the peak discharges will either increase or stay the same.
Based on average values of rainfall ensembles incorporated into the WEB-DHM, both hydrological inputs and outputs (rainfall, discharge, soil moistures) were converted into monthly SA indices (Fig.8) . It is found that the dry events caused by rain deficit were found to decrease in the future by 2.63% which similarly affected discharge (by 1.75%). However, the frequency of dry events in the soil moistures at the surface and at the root zone increased by 2.19% and 0.88% respectively. This indicates that despite the increases in extremes for above ground hydrological parameters, moisture deficits may still occur below ground so for activities requiring optimal soil moisture conditions (e.g. agriculture), supplemental irrigation of subsurface conditions may be necessary to augment this projected gap.
CONCLUDING REMARKS
Future climate scenarios applied on the sub-basin above Sameura dam show increases in future above-ground hydrological parameters (rainfall and discharge). Below ground (soil moistures), it is still expected that frequency of drying will still increase. Hence appropriate basin management practices related to stabilizing this projected increase in frequency of drying should be addressed as this may affect the agricultural sector. An understanding of the impacts of climate change as a result of basin simulation will enable local people to modify existing basin practices and government policies to better adapt to changes in climate.
